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The  order  of  apparent  ionic  mobilities  l  in  Valonia macrophysa 
Kiitz  is  K  >  C1  >  Na.  This can be changed toNa  >  C1  >  K 
without injury to the cell, as is shown by experiments with guaiacol. 
Preliminary experiments were made by adding to sea water various 
amounts of  guaiacol  (called HG  for convenience).  Exposures  of  a 
few minutes at concentrations up to 0.03 ~t HG produced effects which 
were completely reversible.  But 0.04 M HG was somewhat toxic and 
as a rule no concentration above 0.02 ~ was employed.  Unless other- 
wise stated the experiments described in this paper produced no signs 
of injury.  2 
METHODS 
The procedure of Damon  3 was closely followed in all respects.  Cells were im- 
paled and left until the wound was healed.  The 1,.D. was measured by leading 
of[ with calomel or Ag-AgC1 electrodes: in the latter case one electrode was placed 
in a narrow cup filled with sea water which was immersed in the solution surround- 
ing the cell,  thus keeping it in a  constant concentration of  C1-; the other was 
inserted in the capillary which pierced the cell.  The changes were recorded photo- 
graphically by means of a camera and a  Cambridge Type A galvanometer  4 with 
thermionic amplifier, making the measurements essentially electrostatic in prin- 
ciple.  Calibrations were in all cases made by means of a potentiometer in series 
with the cell. 
1Damon,  E.  B.,  J.  Gen.  Physiol.,  1932-33,  16,  375.  When VCl is taken as 
unity, UK  =  20 and Una =  0.2. 
2 For criteria of injury see Osterhout, W. J. V., Ergebn.  Physiol., 1933, 35, 979. 
Kopac,  M.  J.,  Carnegie  Institution  of Washington,  Year  Book  No.  32,  1932-33, 
273; No.  33,  1933-34,  253. 
3 Damon, E. B., J. Gen. Physiol., 1931-32,  15, 525 (Fig. 1). 
4 Cf. Osterhout, W. J. V., and Hill, S. E., Y. Gen. Physiol., 1933-34,  17, 87. 
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In making solutions of the pH of sea water indicator was added to the sea water 
which was then divided into two portions.  To one of these there was added  HG, 
followed by enough NaOH to bring the sea water back  to  the color it had  at  the 
start. 
With hydrogen and  glass electrodes the liquid junction introduces an error of 
unknown  magnitude3  It  seemed  best  to  neglect  this.  Accordingly,  concen- 
trated  sea  water  was  added  to  the  standard  buffer  solutions  ~ until  their  ionic 
strength was 0.721  which is the ionic strength of Bermuda sea water, according to 
Zscheile.  ~  We thus avoid the salt error by making it approximately the same in 
the buffer and in the sea water.  After adding  the  concentrated  sea  water  the 
FIG.  1.  Photographic  record showing the  effect of 0.01  M HG in sea  water at 
pH 6.4.  The record starts with the cell in sea water.  When it was lifted out the 
curve jumped down to the "free grid" level, F, of the vacuum tube amplifier.  The 
cell was then lowered into sea water plus 0.01 M HG: at the instant it made contact 
with this solution the curve returned to its former level and there remained during 
the  latent  period  (about  15  seconds);  it  then  began  to  fall and  became  26  mv. 
more positive, after which it slowly rose and in about 100 seconds reached approxi- 
mately  its original level  (for convenience the rise is  termed  "recovery" but  this 
term does not signify that the cell has returned to its original condition). 
The vertical marks are 5 seconds apart.  Temperature 22°C. 
pH  value of  the buffer  solution  was  determined  by means  of  the  hydrogen  or 
glass  electrode. 
Kahlbaum's guaiacol was used and the solutions were always freshly prepared. 
No solutions were used in which color had developed.  Unless otherwise noted all 
experiments  were made  with a  collection of cells called Lot  B.  Lot  C  was  not 
different in appearance but gave somewhat different results. 
5 It  has  been  supposed  that  this  could  be  rendered  negligible by  the  use  of 
saturated  KC1 but this has been called in question. 
6 The buffers were phosphate  and  borate  buffers  (according to  Clark,  W.  M., 
The determination of  hydrogen  ions, Baltimore, The  Williams  &  Wilkins  Com- 
pany,  3rd edition,  1928)  and  were approximately 0.2  M. 
Zscheile, F. P., Jr., Protoplasma, 1930, 11,481. W.  J.  V.  OSTERHOUT  15 
Experiments with Sea Water 
To  avoid  any  complications  due  to  the  guaiacol  ion  (which  may 
be  called G-)  we  begin  with  experiments  at  pH  6.4,  where  the  con- 
centration  of  G-  is  negligible.  8  This  is  desirable  because  in  some 
cases  the  guaiacol  ion  appears  to  have  considerable  effect  on  the 
I'.D. (by reason of its high mobility). 
Fig. 1 shows 9 what happens when a  cell is transferred from sea water 
(at pH  6.4)  to sea water  1° containing 0.01  •  HG  (at pH  6.4).  At the 
start, the P.1).  was 7  Inv. negative  n  (about the usual value).  The HG 
caused  it  to  become  more  positive  by  26  Inv.  (The  mean  of  33 
measurements 12 was 28 my.; see Table I.) 
After this the curve returned to the previous level:  for convenience 
this will be referred to as "recovery"  although it does not signify that 
the cell returned to its original condition.  The time required for the 
curve  to  fall  and  rise  ~3  (which  will  be  called  "recovery  time")  was 
variable:  the  mean  was  64  seconds,  which  was  less  than  at  pH  8.2 
(there the value was 127.4;  see Table I). 
s At pH 6.4 the degree of dissociation of HG in sea water is less than 0.1 per 
cent.  According to  Shedlovsky and  Uhlig  (Shedlovsky, T.,  and  Uhlig, H.  H., 
J. Gen. Physiol.,  1933-34, 12, 567)  the pK at 25 ° is 10.1.  Subtracting 0.375  from 
this on  account of the ionic strength of sea water  (cf. Jacques,  A.  G., J. Gen. 
Physiol.,  1935-36, 19, 397)  gives 9.725. 
9 Fig. 1 is fairly typical but the form of the curve showed great variation.  In 
some cases the rise at the right end (comprising the last 10 to 15 my.) was quite 
steep.  In some cases  (at pH 6.4 to 9.6) the curve dropped as usual, then rose 
a  little and fell before commencing the long steady rise  resulting in  recovery. 
l0 The cell had previously been transferred from sea water at pH 8.2  to sea 
water at pH 6.4 which had practically no effect on the P.D. 
11 I.e. the positive current tended to flow from the sea water across the proto- 
plasm into the sap.  In some cases the P.D. was positive at the start but this seemed 
to make no difference in the behavior of the cells.  Regarding the P.D. of the cells 
in sea water see Blinks, L. R., J. Gen. Physiol., 1935-36, 19, 633. 
12 A  few  exceptional cells  (not  included in  these  measurements)  gave much 
higher values  (up  to  106  mv.).  Lots  D  and  E  gave average values of  about 
65  mv.  Some cells in each lot gave no response, but such cells sometimes re- 
sponded on the following day. 
1~ This time is measured from the instant when the curve starts to  fall to  the 
time when it has risen again to its final level which is usually not much below the 
level at the start and may coincide with it as in Fig. 1. 16  IONIC  MOBILITIES  IN  PROTOPLASM.  I 
TABLE  I 
Effects of Guaiacol* 
Lot  B  except  as  otherwise stated.  (The  number of  observations  is  given in 
parentheses.) 
pH  Solutions (sea water  =  S.W.)  Latent period  Change in P.D.  Recoveryt time 
sec.  my.  sec. 
6.4  S.W. thenS.W.  +  0.01MHG  17.4  :k0.5  +28.0  4-2.1  64.0  4-2.3 
(35)  (33)  (26) 
8.2 
6.4 
S.W. then S.W.  +  0.005 M HG 
S.W.  then S.W.  +  0.01 ~  HG 
S.W.  +  0.005 ~  HG then S.W.  +  0.01 
~t HG 
S.W.  +  0.01  M HG then S.W.  +  0.02 
M  HG 
S.W.  +  0.02 M HG then S.W.  +  0.04 
M  HG 
S.W. then S.W.  +  0.005 ~  KG 
S.W.  +  0.005  M KG then S.W.  +  0.01 
M  KG 
S.W.  +  0.01  M KG then S.W.  +  0.02 
KG 
S.W.  +  0.005  ~t HG then S.W.  +  0.02 
M HG 
0.6 ~t NaC1 then 0.6 M NaC1 +  0.01 
HG 
23.4  4-0.5 
(13) 
15.6  :k0.6 
(30) 
0 
21.3  4-0.3 
(10) 
0 
22.0  zk0.9 
(25) 
+22.3  ±2.8 
(15) 
+26.2  -4-1.7 
(30) 
+17.9  -4-2.6 
(12) 
+17.2  +1.8 
(15) 
+8.8  -+0.8 
(5) 
+14.6  -4-0.1 
(5) 
+21.9  4-3.3 
(7) 
+26.6  ±2.0 
(11) 
+34.5  ±3.4 
(11) 
+53.5  4-3.5 
(25) 
127.4  :~9.5 
(14) 
76.0  -4-6.8 
(5) 
Lot C 
6.4  S.W. then S.W.  +  0.005 M HG 
S.W. then S.W. +  0.01  ~  HG 
S.W. then S.W. +  0.02  M HG 
12.1  =1=0.7  +28.0  +2.7 125.0  ~8.6 
(7)  (6)  (6) 
10.3  4-0.5  1+60.4  4-3.01395.0  4-77.1 
(7)  [  (6)  1  (6) 
6.5  4-0.36 +83.4  -4-3.41955.o  4-65.6 
(4)  (6)  (6) 
* In  making  averages  some  extremely  high  and  extremely  low  values  were 
disregarded. 
t  Includes time for fall of curve and rise to final level which may be the same 
as at the start or a  little lower. W.  J.  v.  OSTERHOUT  17 
In  these  experiments  with  0.01  ~t  HG  it  was  observed  that  the 
greater  the  positive  drop  the  longer  is  the  recovery  time.  When 
the concentration of HG is increased the positive drop increases and 
recovery is  slower  (Table  I,  Lot  C)  and  less  complete.  Recovery 
may  act  thus  because  increase  of  concentration  does  not  affect  Y 
as much  as X  in respect to speed or final effect.  Similar considera- 
tions  may  apply  when  one cell  shows  a  greater  positive  drop  and 
recovery time  than  another  though  both  are  exposed  to  the  same 
concentration of HG. 
After applying HG there was a latent period  14 in Fig.  1 of about  15 
seconds before the curve began to fall.  The average  of 35 measure- 
ments gave 17.4 (Table I).  This is also seen at pH 8.2: with 0.005 M 
at pH 8.2 the latent period was 23.4 seconds and with 0.01 M (at pH 8.2) 
the mean was  15.6 seconds.  See also the measurements with Lot C 
(Table I).  Evidently the latent period shortens as the concentration 
increases. 
There  is  practically  no  latent  period  when  sea  water  +  0.01  M 
HG is substituted for sea water +  0.005 ~t HG.  This is illustrated in 
Fig.  2.  When sea water was replaced by sea water containing 0.005 
M guaiacol there was a  positive movement of 15 inv.  Sea water con- 
taining  0.01  M guaiacol was  then  applied,  making the P.D.  27.5  mv. 
more positive.  15  Subsequent application of sea water containing 0.02 
M guaiacol made the P.D.  still more positive by  14.5  inv.  When  re- 
placed in sea water the P.D. returned to the value it had at the start. 
There was  no indication of latent period in  applying 0.01  or 0.02  M 
HG. 
An  interesting  feature  is  the  threshold.  Cells  showing  no  effect 
with 0.005 ~t may respond when the concentration is raised to 0.01 ~t 
or higher (Fig. 3). 
There was no evidence o.f injury?  The cells when returned to sea 
water quickly regained their usual P.D.  and many of them were used 
for several days in succession. 
14 In some cases bacteria form a gelatinous  covering over the cell which delays 
the entrance of electrolytes.  This was not the case with these cells as shown by 
the very prompt response  when they were placed in sea water containing 0.5 M 
KC1 or when the solutions were diluted (Figs.  5, 6, 9,  11, and 12). 
is Some exceptional cells gave very high values (up to 106 mv.) when 0.01 M 
guaiacol was added directly to sea water. ~  °~ 
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The most satisfactory way of dealing with these P.D.'S is to regard 
them  as  diffusion potentials, t  Hence when  HG  added  to  sea  water 
or  to  NaC1 produces positivity  it  is  natural  to  inquire  whether  this 
depends on a  decrease  l~ in  UN~  (the apparent  mobility of  Na  + in the 
outer  protoplasmic  surface)  as  compared  with  Vcl  (the  apparent 
mobility of C1-). 
To answer this  question experiments  were  made with 0.6  ~  NaC1 
which is nearly isotonic with Bermuda sea water. 
Experiments  with NaCP 7 
The  curve produced by exposure  to  0.01  ~t  HG  in  0.6  ~  NaC1 at 
pH 6.4 is much the  same as that in Fig.  1.  Evidently the presence 
of the  sea  water  ions,  K +,  Mg  ++,  Ca  ++,  and  SO4=, in  the  external 
solution is  not  necessary to produce this  effect.  The  concentration 
of these ions in the outer part of the protoplasm is doubtless lessened, 
especially when the cell is left for 2 or 3 minutes  in 0.6 M NaC1 before 
HG is applied. 
The next step was to measure the concentration effect in NaC1 by 
transferring  from 0.6  ~  NaC118 to  0.6  M NaC1 plus  1 volume of  8.7 
per  cent  glycerol  (by  weight)  which  is  nearly  isotonic  with  0.6 
NaC11.  As seen in Fig. 4, in the dilute solution the P.D. becomes more 
16 When  Vcl is greater than  UNa  ,  SO that C1- tends  to enter the protoplasmic 
surface more rapidly than Na ÷, the solution tends to become more positive  (in the 
external  circuit)  the greater its  concentration.  Hence  by diluting  a  solution  of 
NaC1 we can ascertain  whether  Vcl is greater than UNa for if it is the more dilute 
solution will be less positive  (i.e. more negative).  Cf. 0sterhout, W. J. V., J. Gen. 
Physiol., 1929-30, 13, 715. 
I~ The experiments  described  in this section  did not seem to produce  any in- 
jury.  The  cells remained  normal in  appearance  and  after  replacement  in  sea 
water they quickly regained their normal 1,.I).  Many of the impaled cells could be 
used for several days in succession. 
Changing from sea water to 0.6 M  NaC1 (with or without change of pH) has little 
or no effect.  1°  The amount of K ÷ in the sea water is too small to have much effect 
on the P.D. (Damon,  E. B., unpublished  results) and this applies to the other ions 
except Na ÷ and CI-. 
18 In the case of dead cells (i.e. impaled  cells killed in position)  dilution  of 0.6 
NaC1 orof sea water or of 0.6 M KC1, or of "sea water with 0.5 M KCI" with an 
equal volume of 8.7 per cent glycerol produced only a negligible change in P.D. w.  J.  v.  OSTER_r-IOUT  21 
negative  by  6  mv. :  the  average  of  10  measurements  was  8.4  my. 
Since the more dilute solution is the more negative we conclude that 
UNa  <  Vcl  (Table  II). 
After an  exposure of 290  seconds to  0.01  M HG the  concentration 
effect  was  reversed  so  that  the  dilute  solution  became  positive,  in- 
dicating that  UNa  >  Vcl (Fig. 5). 
FIG.  4.  Photographic  record  showing  normal  concentration  effect  of  NaC1 
(all solutions at pH 6.4).  The record starts with  the cell in sea water: the cell 
was transferred  to 0.6 M NaC1.  On diluting  this  with an equal  volume of 8.7 
per cent glycerol the P.D. became 6 inv. more negative, indicating that the apparent 
mobility of'Na  ÷ was less than that of C1-.  The cell was afterward  returned to sea 
water  (not shown on the record) and behaved normally. 
Time marks are 5 seconds apart.  Temperature 24°C. 
Regarding F see Fig. 1 (p. 14). 
To minimize the  danger of injury this  longer exposure to HG was 
carried out in  sea water at pH 6.4  (a  curve similar to that in  Fig.  1 
was obtained during this  process).  The cell was then transferred  to 
0.6  ~t  NaC1  at  pH  6.4  with  the  result  shown in  Fig. 5.  When this 
NaC1 was diluted with an equal volume of 8.7 per cent  glycerol (con- 
taining  0.01  ~  HG)  the  P.D. became  15  mv.  more  positive. 19  In 
19 This  reversal could be obtained  equally  well regardless of whether  the cells 
had previously been exposed to dilute solutions. 22 
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some  cases  no  change occurred,  2° which  may be  taken  as  indicating 
that UNa =  Vcl; aside from these cases we have 9  observations showing 
an average positive movement of 11.1 my.  (Table II).  To calculate 
TABLE  II 
Concentration  Effects  (1)  Normal  and  (2)  Reversal  Due to  Exposure  to  Guaiacol 
Lot B.  (The number of observations is given in parentheses.) 
(1) Normal 
pH  Solutions employed  Change of V.D. 
m?). 
8.2  S.W.  then S.W.  +  equal volume glycerol 8.7 per cent  --10,2  4-0.4  (19) 
6.4  S.W. then S.W.  +  equal volume glycerol 8.7 per cent  --10,6  4-0.5  (7) 
6.4  0.6 M NaC1 then same +  equal volume glycerol 8.7 per cent  -8.4  4-0.8  (10) 
(2) Reversal after 5 minutes or less in S.W.  +  0.01 M HG 
6.4 
6.4 
6.4 
8.2 
6.4 
8.2 
S.W. +  0.01 ~  HG then same +  equal volume glycerol 8.7 
per cent containing 0.01 •  HG 
0.6 M  NaC1 +  0.01 M  HG then same +  equal volume glycerol 
8.7 per cent containing 0.01 ,~ HG 
0.6 M KC1 +  0.01 M HG then same +  equal volume glycerol 
8.7 per cent containing 0.01 ~  HG 
"S.W. with 0.5 x, KCI" +  0.01 M HG  then same  +  2  vol- 
umes S.W.  +  0.01 M HG 
"S.W. with 0.5 M KCI" +  0.01 M HG then same +  2 vol- 
umes glycerol 8.7 per cent containing 0.01 M HG 
S.W.  +  0.01 g HG then "S.W. with 0,5 M  KCI" +  0.01 M  HG 
+13.0  4-1.7  (8) 
+11.1  4-1.7  (9) 
-8.2  4-1.1  (6) 
-12.9  4-1.4  (6) 
-10.6  4-1.4  (8) 
+20.4  4-1.8  (6) 
the value of UNa we may employ the formula  21 
V  --  U  C1 
l'.n.  =  58  ~  Iog C~ 
where U  =  UNa, V  =  Vcl, and C1 and C~ are concentrations  (for our 
present purpose the activity coefficients may be left out of account). 
2o When no change occurred the question arose whether the cell was in such 
condition as to be incapable of showing any immediate change of I'.D.,  as would 
happen if the outer surface were destroyed or short-circuited by leaks.  This was 
ruled out in all cases by placing the cell in 0.6 ~t KC1 which produced a  prompt 
response. 
21 Damon, E. B., and Osterhout, W. J. V., J. Gen. Physiol., 1929-30, 13, 445. 24  IONIC  MOBILITIES  IN  PROTOPLASM.  I 
Before treatment with HG the change due to 0.3 ~  NaC1 is  -8.4  from 
which  (putting Vcl =  l) we get UNa  =  0.35.  After treatment the P.D. 
is +11.1 from which UNa =  4.5. 
The Concentration  Effect with Sea Water  ~7 
Since  the  concentration  effect  of  sea  water  is  essentially  that  of 
NaC121  it is not  surprising  that  it can be reversed like that  of NaC1. 
Ceils were first tested for the normal effect as shown in Fig. 6.  Trans- 
ferring  from  sea  water  to  sea  water  plus  1  volume  of  8.7  per  cent 
glycerol gave as the average of 19  measurements at pH 8.2 a negative 
movement of  10.2  my.  (Table  II):  7  measurements  at pH  6.4  gave 
10.6 inv. which is not far from Damon's  22 value  23 of  11.4 mv.  As the 
dilute  solution  is  more  negative  we  may  conclude  that  UNa  <  Vcl. 
After  being  tested  in  this  way the cells were allowed to  remain  in 
sea water for several hours.  Then they were placed for 5 minutes in 
sea water containing 0.01  M HG.  The concentration  effect was then 
found to be reversed  (Fig.  7); i.e.,  the more dilute  solution was posi- 
tive  19 to the  extent of 5  to  15  my.  In a  few cases no  change of P.D. 
occurred  2° which may be interpreted to mean that  UNa  =  Vcl:  omit- 
ting  these  we have 8  observations  (Table  II) giving for the  positive 
movement  an  average  value  of  13  mv.  (the  highest  was  27  my.). 
Before treatment with HG the l".n. of the dilute sea water was  -10.6 
from which  we  calculate  UNa  =  0.24:  after treatment  the  P.I).  was 
+  13.0,  giving Usa  =  7.0. 
Experiments  with KC123 
When  cells are transferred from sea water at  pH 8.2  or 6.4  to "sea 
water with 0.5  ~t KCI"  (1  part sea water plus  5  parts of 0.6  M  KC1) 
there  is  a  rapid  increase  in  negativity  u  (Fig.  8).  Replacing  this 
solution  with  the  same plus  1  part  8.7  per  cent  glycerol makes the 
P.O.  less negative.  25  This is also true when we employ 0.6  ~  KC1 in 
22 The response was more rapid than in Damon's experiments. 
23 Prolonged exposure to 0.6 •  KC1 may produce injury but there was no sign 
of injury in these experiments. 
24 The increase was more rapid than in Damon's experiments  I but the amount 
of negativity was usually less. 
25 This agrees with Damon's unpublished experiments. cF~  C.;  .~ 
=~ 
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place of "sea water with 0.5 •  KCI."  Since the dilute solution is more 
positive we conclude that  UI¢  >  Vcl. 
In order to ascertain the effect of HG on UI¢ the concentration effect 
was studied after exposure to HG.  Fig. 9  shows an experiment with a 
cell which was transferred through a  series of solutions  (all at pH 6.4). 
On passing from sea water to "sea water with 0.5 M KCI" the 1,.I). became 
35  my. more negative:  it returned to the original value when the cell 
Fic. 8.  Photographic record showing negativity produced by KC1 (all solutions 
at pH 8.2), indicating that the mobility of K + is greater than that of Na  +.  The 
record starts with the  cell in sea water.  When  the  cell was transferred to  "sea 
water with 0.5 ~t KCI" (p. 24), the P.D. became  25  inv.  more  negative.  When 
the cell was replaced in sea water the I,.1). began to fall. 
The vertical marks are 5 seconds apart.  Temperature 22°C. 
Regarding F  see Fig.  1 (p.  14). 
was replaced in  sea water.  Then  0.01  •  HG was  added  to the  "sea 
water with 0.5 M KCI" and less  negativity  resulted (3) and  when  this 
was diluted  (4) with 2 volumes of 8.7 per cent glycerol (containing 0.01 
M HG) the P.D.  became 12 inv. more positive, indicating that  U~ was 
greater than  Vcl.  At  (5)  the  cell was replaced in  0.01  ~t HG in "sea 
water with 0.5  M KCI" and  left  for  4.5  minutes  after  which  (6)  the 
dilute  solution  made the 1,.I). more negative by 6 inv., indicating that 
UK had become smaller than Vcl, which is the reverse of the  condition 
obtaining  before  the  long  exposure to  HG.  19  As  shown  in  Table  II 
the  average change  due  to  dilution  after treatment  with HG was 12.9 
inv.  (dilute  solution  negative). 28 W.  J.  V.  OSTEP,  I-IOUT  29 
It is probable  that  the  change is  chiefly in  UK rather  than  in  Vcl 
because  if  Vcl  increased  greatly  it  does  not  seem  likely  that  UNa 
could  simultaneously  become  greater  than  Vcb  as  described  in  the 
preceding section36 
A  similar  falling off in  UK is  seen  when 0.6  ~t KC1 is  employed in 
place of "sea water with 0.5 ~  KCI."  Dilution  of 0.6  I~  KC1  with  1 
volume of glycerol (8.7 per cent) made the •.D.  8.2  mY.  more negative. 
(See Table II) 
This  falling off in  UK may be  responsible  in part  for the  fact that 
when we add FIG to "sea water with 0.5 M KCI" we get less negativity 
as is evident in  Figs.  9  and  10.  (This  also  occurs  with  0.6  M  KC1.) 
The falling off in negativity is often greater than that  shown in these 
figures. 
In  view  of  this  it  is  not  surprising  to  find  that  after  an exposure 
to  sea  water  plus  0.01  ~t  HG  of 3  minutes  or more,  "sea water with 
0.5 g  KCI" (p. 24)  can  produce  a  positive ~9 instead of a negative effect 
FIG.  9.  Photographic  record showing  reversal  of the  concentration  effect of 
KC1 after exposure to HG (all solutions at pH 8.2).  At the start the cell was in 
sea water: at (1) the cell was transferred to "sea  water  with  0.5 ~t KCI" (p. 24), 
making the t'.D. about 35 inv. more negative; at (2) it was replaced in sea water 
and the I'.D. returned to the initial value; at (3) it was placed in "sea water with 0.5 
KCI" +  0.01 M HG, making the 1,.D. more negative but to a smaller extent than 
before HG was applied,  this  being followed by increased positivity due  to  HG 
(see  Fig.  10).  When  this  solution  was diluted,  at  (4),  with  2  volumes of 8.7 
per cent glycerol containing 0.01  ~t HG the 1,.D. became more positive by  11.8 
my., indicating that the apparent mobility of K + was greater than that of CI-, 
but this behavior was reversed after a longer exposure to HG which began at (5). 
During this exposure, which was made in 0.01  ~t HG  +  "sea water  with 0.5  M 
KCI," the 1,.i). became more negative.  At (6) this was diluted with 2 volumes of 
8.7 per cent glycerol containing 0.01 M HG: the P.o. now became 6 my. more nega- 
tive  (instead of more positive as happened previously), thus indicating that the 
apparent mobility of K + had become less than that of C1-; this was confirmed by 
replacing the cell, at (7), in 0.01 M HG +  "sea water with 0.5 M KCI," upon which 
the 1".1). became 6 my. more positive.  The cell was subsequently returned to sea 
water (not shown in the record) and did not appear to be injured. 
The vertical  marks  are  5 seconds apart.  Temperature  21°C.  Regarding F 
see  Fig.  1 (p.  14). 
26 This change in UNa would tend to make the dilute solution positive but this 
is masked by the greater change occurring in UI< in the opposite direction. o~ 
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(Figs.  11  and  12),  thus  indicating that  UK  <  UNa.  As  shown  in 
Table II, the average change was 20.4  mv. more positive. 
Putting Vcl  =  1, Damon  1 found  UK to be 20 but states that there 
was considerable variation.  The cells used in the present investiga- 
tion showed great variation, the value of  UK ranging from about 5 
to 20.  The value of UK after treatment was calculated by using the 
formula given on p. 23:  from the P.D. between 0.6 M and 0.3 M KC1, 
which was 8.2 inv. (Table II), we get UK =  0.36. 
Experiments with Potassium Guaiacolate ~7 
Since K + has a high apparent mobility and in some cases this applies 
also to G-,  it seemed desirable to  add both together.  Accordingly 
experiments were made by adding potassium guaiacolate to the  sea 
water  at pH  8.2.  The results,  as  seen in Table  I,  were  similar to 
those obtained by adding HG. 
These experiments indicate that a profound alteration of the prop- 
erties of the protoplasmic surface may be brought about by undis- 
sociated guaiacol (since at pH 6.4 the concentration of G- is negligible). 
DISCUSSION 
It has been found in previous work that the most satisfactory way 
to deal with such P.D. measurements is to regard them as chiefly due 
to  diffusion  potentials.  1,1~  Let  us  now  consider  the  behavior  of 
potassium from this point of view. 
The Potassium Ion.--When  Valonia is transferred from sea water 
to "sea water with 0.5 •  KCI" (p.  24)  there is  a  marked increase in 
negativity.  1  When this solution is diluted with an equal volume  of 
isotonic  glycerol  the  P.D. becomes  more  positive.  Since the more 
dilute solution is more positive we conclude that UK  >  Vcl.  When 
the  more  dilute  solution  of  KC1  becomes  more  negative  after the 
guaiacol treatment we may conclude that Vcl  >  UK.  Whether this 
is due to a falling off in UI< or to an increase in Vc1 cannot be decided 
but if the latter increased much it might not be possible for U~a to 
become greater than Vcb as apparently happens. 
Charged Complexes.--These  results are  not in harmony with Wal- 
den's rule which states that the ratio  UK  +  UNa should be  approxi- 
mately the same in all solvents. 
If the guaiacol treatment caused K +  to become more solvated it 34  IONIC  MOBILITIES IN  PROTOPLASM.  I 
would lower the value of  U~: but it  does not  seem probable  that  the 
observed changes could be accounted for on this basisY 
If  under  normal  conditions  the  partition  coefficient  2s of  KC1 ex- 
ceeded that of NaC1 and UK was equal to  UN~ our  calculations would 
make it appear that  UK exceeded Ux.~ when the  values  were  deduced 
from  the  "chemical  effect"  (i.e.  the  negativity  produced  by  sub- 
stituting  KC1 for  NaC1),  but  not  when  deduced  from the  "concen- 
tration  effect"  (i.e.  the  change  produced  by  diluting  a  solution  of 
KC1 or NaC1).  But  if it happened that  the  partition  coefficient  of 
KC1  increased  more  rapidly  with  concentration  than  that  of  NaC1 
we  should  deduce  too  high  a  value  of  UK from  the  concentration 
effect also. 
Some  changes  in  activity  partition  coefficients  may  occur  when 
alterations  take  place  in  one  or  both  of  the  phases  concerned,  but 
changes  of  great  magnitude  are  improbable.  On  the  other  hand  it 
seems possible  that  the  partition  coefficient  of  K ÷  might  appear to 
increase more than that of Na + by the formation of charged complexes 
which are found,  according to Kraus,  29 in media of low dielectric con- 
stant such as we suppose the non-aqueous surface layer of the proto- 
plasm to be.  3°  Thus if we have K + in the external solution we might 
have in the non-aqueous layer K +,  (KXI) +, (KXII)  +, etc.,  all of which 
would  count in our calculations as  K +  (XI and XII may be  elements 
or radicals)  and thus increase the apparent ionic partition  coefficient. 
~7 Shedlovsky, T.,  and Uhlig,  H.  H., J.  Gen. Physiol.,  1933-34/17,  563.  It 
should be said, however, that small differences  may be due to solvation.  Thus 
Kraus explains  the order  URb >  Ucs in liquid  ammonia as due to solvation (in 
water Ucs >  URb).  It is of interest to note that we find  URb >  Ucs in  Nitella 
and in Valonia  (unpublished results of E. B. Damon), but here the differences are 
much greater than in liquid  ammonia. 
~8 This becomes evident from the following  considerations.  In the equation 
given on p. 23  the actual value of the partition coefficient does not matter since 
only the ratio (C1  +  C2) counts and this will remain the  same regardless of  the 
value of the partition  coefficient so long as the latter is the same for both concen- 
trations.  But if the partition coefficient increases with concentration so that  the 
ratio  (C1 +  C~) increases  the calculated value of UK will increase. 
For the chemical effect we employ Henderson's equation in which  the actual 
concentrations become important and an increase  in  the apparent partition  co- 
efficient  (due to formation of charged complexes)  affects the result. 
29 Kraus, C. A., Tr. Electrochem. Soc., 1934, 66, 179. 
30 Osterhout, W. J. V., Ergebn. Physiol., 1933, 35, 1003. W.  J.  v.  OSTERHOUT  35 
This apparent increase might be greater for K + than for Na  +, thus 
changing the calculated ratio UK  +  UN,.  It seems possible that HG 
might act by changing such charged complexes. 
This might also apply to the formation of chemical compounds in 
the non-aqueous layer.  If for convenience in discussion we use the 
same standard state for both phases,  confining our attention to the 
thin layers on each side of the phase boundary which are assumed to be 
practically in equilibrium we may say that the ionic activity product 
[K] [C1] is the same in both.  But if in the non-aqueous layer organic 
potassium  compounds  are  formed  so  that  we  have  not  only  KC1 
but  KR,  KRII, etc., which are  not very soluble  in  water,  the  ac- 
tivity of K + may be very much greater in the non-aqueous although 
the product [K] [C1] remains the same.  Thus if we have for activities 
in the external solution K +  =  0.01  and CI-  =  0.01  we may have in 
the non-aqueous phase K + ---  0.1 and CI- =  0.001. 
But  if in  the  external  solution  the  product  [Na]  [C1] equals  [K] 
[C1] we should expect this to hold also for the non-aqueous phase and 
since in the latter C1-  =  0.001  we expect Na +  =  0.01  =  K +.  We 
thus have no difference between Na + and K +  (but  the  dissociation 
constants  and  the  undissociated molecules may not  have  the same 
values in both cases). 
Although such assumptions might explain certain variations in the 
ratio UK  +  UNa it is not clear that they can account for the fact that 
after exposure to HG we get  UNa  ~> V  >  UK: to produce this re- 
sult actual changes in mobilities may be necessary. 
For  convenience we may hereafter speak  of  UK with the  under- 
standing that its value may depend in part on complexes or on chemical 
combination.  This applies also to UNa. 
Not much can be said about the nature of these charged complexes 
or compounds at present, but it may be recalled that there are salts of 
sodium and of potassium which are said to be more soluble  31 in non- 
polar solvents than in water.  (Calcium salts of this sort have been 
isolated from plants  32  and calcium oleate is more soluble in  certain 
non-aqueous solvents than in waterY) 
31 Hundeshagen,  F., J. prakt. Chem., 1883, N.S. 28, 219. 
32 Smith, J. A. B., and Chibnall, A. C., Biochem. J., London, 1932, 26,  1345; 
Chibnall, A. C., and Channon, N. J., Biochem. J., London, 1929, 23, 176. 
33 Experiments in this laboratory by J. W. Murray showed that when a large 36  IONIC  MOBILITIES IN  PROTOPLASM.  I 
Chemical reaction in the non-aqueous protoplasmic surface appears 
to occur when  ammonia  34 and guanidine 35 enter  Valonia  and may be 
characteristic  of bases  generally:  apparently  this  does  not  apply to 
acids. "6  To  what  extent  C1-  enters  into  the  complexes may be left 
open  for  the  present.  In  this  connection  it  may  be  recalled  that 
guaiacol  forms not  only  salts but  esters;  some of the  latter  are  said 
to be insoluble in water; e.g., guaiacol oleate.  It is possible that com- 
pounds of this sort may be formed in the protoplasmic surface. 
It  is  probable  that  p-cresol  and  phenol, 37  which  are  chemically 
related to guaiacol, will  act  like  guaiacol  since  they  affect  the  P.D. 
in  somewhat  the  same way  as  guaiacol  when  added  to  sea water  at 
pH 8.2.  But  this is not true of such  acids  as formic, acetic,  valeric, 
benzoic, and salicylic (see p. 42). 
It may be added that exposure of Nitella  ~8 to  distilled water (which 
dissolves  organic  substances  out  of  the  cell)  changes  the  order  of 
apparent  mobilities  from  K  >  Na to Na  >  K.  Here  also  charged 
complexes may be involved. 
Behavior of the Outer Protoplasmic Sur/ace.--It  might be suggested 
that HG puts the outer surface out of commission"" so that the observed 
volume of an aqueous solution  of 0.0012 M Ca(OH)~ was shaken with a little iso- 
amyl alcohol containing 0.1 ~ oleic acid the proportion of Ca  ++ in the alcohol  to 
that in the aqueous solution was as 16.8 to 1 (temperature about 25°C.).  See also 
Bancroft, W. D., J. Phys. Chem., 1913, 17, 501; Clowes, G. H. A., J. Phys. Chem., 
1916, 20, 667.  According to Seidell, A., Solubilities of inorganic and organic com- 
pounds, New York, D. Van Nostrand Co., 2nd edition, 1919, p. 209, calcium oleate 
is much more soluble in glycerol than in water. 
34 Osterhout, W. J. V., Proc. Nat. Acad. So., 1935, 21, 125. 
~5 Jacques, A. G., Proc. Nat. Acad.  Sc.,  1935, 21,488. 
,6 Jacques, A. G., J. Gen. Physiol.,  1935-36, 19, 397. 
OH  OH  OH 
CH~ 
Phenol  p-cresol  Guaiacol 
~s Osterhout, W. J. V., J. Gen. Physiol.,  1934-35, 18, 987. 
~  E.g.  by breaking down its structure or by increasing  its permeability to all 
the ions concerned  so that their apparent mobilities became nearly the same. w.  j.  v.  OSTERHOUT  37 
P.D.'s  are  those  of  the  inner  surface  where  the  order  of  apparent 
mobilities  may  be  quite  different.  If  this  were  the  case,  sudden 
changes  in  the  external  solution  could  not  produce  sudden  changes 
in P.D. since time would be required for the substituting ions to diffuse 
across the protoplasm to  the inner surface.  We find,  however, that 
external  changes continue to produce as rapid changes in l'.D.  (often 
beginning within  1 or 2 seconds) 4° as before.  This applies to changes 
in the concentration  41 of sea water  (Fig.  6),  of KC1  (Figs. 9  and  11), 
and of NaC1  (Fig.  5),  as well as  to the  change from sea water to  0.6 
KC1 (Fig.  12). 
Moreover, Blinks  42 finds that p-cresol (which is chemically close to 
guaiacol)  does  not  tend  to  destroy  the  outer  surface  but  rather  to 
conserve it. 
The  Sodium  Ion.--In  NaC1  the  more  dilute  solution  is  normally 
more  negative  because  UNa  is  less  than  Vcl  ,  but  after  exposure  to 
guaiacol  the  more  dilute  solution  may  become  the  more  positive, 
indicating  that  Una  has  become greater  than  Vc143 (Fig.  5). 
Since  the  concentration  effect  of  sea  water  is  essentially  that  of 
NaC121 it is not surprising that it can be reversed by guaiacol  (Fig. 7) 
just as  in the  case of NaC1. 
The Guaiacol  Curve.  a.  The  Positive  Drop.--The  curve  shown  in 
40 It seems extraordinary that the change is so rapid when the protoplasm is 
covered with  a cellulose wall which may be as much as  10 microns thick.  It is 
possible  that  there  are  protoplasmic  processes  passing  more  or less  completely 
through the cellulose wall.  The change in UK and UNa which occurs in the outer 
surface layer requires an exposure to HG of 5 minutes  to bring about; the reason 
for this is not known. 
41 The change in I'.D. due to change in liquid junction as the result of change in 
concentration  is,  of  course,  instantaneous  but  this  is  so  small  as  to  be  neg- 
ligible. 
With dead cells the change of 1,.D. was negligibleJ s  If it were large enough to 
appear on the record we should see at the start a sudden movement of the curve 
followed by an abrupt change in its course in case the alteration in the I'.D. of the 
cell were relatively  slow.  As nothing of the sort is observed we may conclude that 
the 1,.D. of the cell changes rapidly from the start. 
42 Blinks, L. R., J. Gen. Physiol.,  1935-36, 19, 633. 
43 In some cases transfer  to the dilute  solution  does not change the I'.D.; here 
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Fig.  1 can be obtained in 0.6  M NaC1.  44  We then have  at the outer 
surface  only Na  +  and  C1- to  consider.  We have  seen  that  HG in- 
creases the apparent mobility of Na + as compared with C1- so that the 
addition of HG to NaC1 will tend to make the P.D. at the outer surface 
more  negative.  The  increased  positivity must  therefore  depend  on 
other ions. 
It  seems  probable  that  these  are  chiefly the  organic  45 ions  in  the 
protoplasm which have been  mentioned  in previous papers. 46  They 
may  be  responsible for the  normally negative v.9.  for  the  inorganic 
ions of the  sap  and  sea water would presumably produce a  positive 
P.D.  The sap contains 0.5 M KC1 +  0.1 N NaCl, which should produce 
an outwardly directed P.D. if the inner surface layer of the protoplasm 
(which we may call  Y)  has properties  47 at  all resembling those of the 
outer  surface layer  (which  we  may call  X).  The  action  of the  sea 
water on X  would also produce an outwardly directed positive poten- 
tial since  Uxa  <  gcl and the effect of the other ions of sea  water is 
small. 
Between X  and Y lies the main bulk of the protoplasm, forming an 
aqueous layer which we may call W.  4s  We may suppose that organic 
ions  in  this  layer  are  responsible  for  the  fact  that  the  normal  P.D. 
44 The fact that a greater positive  drop is obtained with  0.6 ~  NaC1 +  HG 
than with sea water +  HG (Table I) may mean that the surface is affected differ- 
ently in the t~o cases but in the absence of HG no difference is observable in such 
short experiments. 
45 Little or no calcium,  magnesium  or sulfate  passes  through the protoplasm 
into the sap.  Cf. Osterhout,  W. J. V., Ergebn. Physiol., 1933, 35, 981. 
46 Osterhout,  W. J. V., Bull. Nat. Research Council,  No. 6P, 1929, 170, footnote 
65; Biol. Rev., 1931, 6, 382.  Osterhout,  W. J. V., and Hill, S. E., J. Gen. Physiol., 
1934-35, 18, 499. 
47 Blinks has  found evidence (Blinks, L. R., J. Gen. Physiol., 1934-35, 18, 409) 
which he regards as somewhat doubtful,  indicating that K ÷ does not greatly affect 
the P.D. of  Y.  The experiments  were made by piercing  the vacuole  with  two 
capillaries, one for the entrance and the other for the exit of a perfusing solution. 
The cell does not live well after this  treatment and the capillaries  are as a  rule 
soon plugged  with  a gelatinous  plug  which stops  perfusion  (this  is not the case 
with Hallcystis where perfusion succeeds beautifully  and the cell continues to live). 
When sea water was perfused  in the vacuole there  was not much change in I,.9. 
(sea water contains 0.012 ~ K + and sap about 0.5 ~ K+). 
48 Osterhout,  W. J. V., Ergebn. Physiol., 1933, 35, 1013. w.  J.  v.  OSTERHOUT  39 
is about  10 mv. inwardly directed.  This  can only be possible when 
X  and  Y have different properties:  that  this is the case is shown by 
placing sap outside X  so that we have the chain 
protoplasm 
Sap outside [  X~~  sap inside 
This gives about  3 63 mv., showing that X  and  Y are unlike. 
It therefore seems necessary to assume that organic ions in W  can 
produce an appreciable 1,.D. by having unlike mobilities in X  and  Y. 
If HG can alter the apparent mobilities of these ions (as it does those 
of Na + and K+ in X) this may explain the guaiacol curve. 
That the positive movement of this curve does not depend primarily 
on changes in the inorganic ions is evident because the normal apparent 
mobilities  of  K +,  CI-,  and  Na +  persist  for  some  time  after  the 
positive  drop  of  the  curve  as  shown  by the  concentration  effects. 
Why this is so is not  clear.  Perhaps  the  simplest suggestion is that 
a  gradual  organic  reaction  gives  a  compound which  affects appar- 
ent mobilities according  to  its  concentration,  a  higher  concentration 
being required in the case of K +,  Na  +, and CI- (whose apparent  mo- 
bilities  change  gradually,  as  would be expected on this  basis). 
b.  The Threshold  and Latent Period.--Apparently  there is a  critical 
concentration  below which HG has little  or no  effect and the latent 
period is presumably the time required for HG to diffuse into X  and 
reach  this  concentration.  Hence  the  latent  period  shortens  as  the 
external  concentration  of  HG  increases  (p.  17).  (The  latent  period 
will  lengthen  if  chemical  transformation  in  the  protoplasm  renders 
part of the HG ineffective.) 
As might be expected, we find practically no latent period when 0.01 
M HG is applied to a cell in contact with 0.005 M or 0.0075 M HG which 
has produced no response.  For in this case the concentration of HG 
in X  is already near the critical value before 0.01  M HG is applied. 49 
One possible explanation of the threshold is suggested by the study 
of models in which HG is used to represent the non-aqueous layer of 
the protoplasmic surface.  HG is employed because in many respects 
49 With phenol we find something resembling a  latent period where none is 
found with guaiacol.  Possibly phenol penetrates more slowly (with a smaller ionic 
radius its partition coefficient may be smaller27). 40  IONIC MOBILITIES IN  PROTOPLASM.  I 
it behaves like the protoplasm of VaIonia 6° but it is not probable that 
the non-aqueous surface layer of  Valonia  is homogeneous any more 
than it is in Nitella* and as a matter of fact we can imitate the behavior 
of Valonia more closely by mixing HG with certain other substances. 
We can, for example, cause the rate of entrance of potassium to fall 
off and thus to approach that observed in  Valonia  by mixing chloro- 
form with HG.  At the same time the rate of entrance of the basic dye 
brilliant cresyl blue at low pH falls off and becomes more like  that 
with  Nitella  61  and  Valonia  as  described by  Irwin. 
Following up this suggestion we may imagine a  model with a  non- 
aqueous layer consisting of a  mixture of organic solvents previously 
shaken with sea water  containing 0.005  M HG.  On  placing this  in 
contact with  sea  water  we  assume  that  HG  goes  out  very slowly. 
If we add 0.005  M HG to the sea water none will be taken up but if 
we increase HG in the  sea water to 0.01  M its  concentration in the 
non-aqueous layer will at once increase.  If this increase should raise 
the value of UNa and lower that of UK sufficiently we might get effects 
like those seen in Valonia. 
This suggestion encounters difficulties when we consider other sub- 
stances.  For  example,  phenol  and  p-cresol  have  much  the  same 
action as HG on Valonia.  How are we to deal with these? 
If the protoplasmic surface contains HG it  must  be  formed in the 
cell and slowly pass out (as does R in Nitella4).  That its  exit would 
be gradual is indicated by the fact that after an exposure of 2 minutes 
to 0.01 M HG it may require several hours to wash it out and restore 
the cell to its original condition.  With 0.005 M HG added to the sea 
water this exit would presumably stop but the concentration of HG 
in the non-aqueous layer would increase very slowly since its produc- 
tion must be very slow to keep pace with its exit under normal condi- 
tions.  But if the concentration of HG in the sea water is sufficiently 
increased it must increase in the protoplasmic surface. 
When we place 0.005 M phenol in the sea water and obtain no more 
response than with 0.005 M HG it becomes necessary to suppose that 
the surface already contains phenol or that the phenol is ineffective 
for some other reason.  For the phenol in the protoplasmic surface 
is  now added to the guaiacol already present. 
60 Osterhout, W. J. V., and Stanley, W. M., J. Gen. Physiol.,  1931-32, 15, 667. 
~1 Irwin, M., J. Gen. Physiol.,  1922-23, 5, 727; 1925-26, 9,561. W.  J.  V.  OSTERtIOUT  41 
A  similar difficulty arises in general, whenever a  variety of pene- 
trating substances exhibit thresholds.  But when substances produce 
their  effects by  dissolving  out  materials  from  the cell (as  distilled 
water does in Nitella 4) this difficulty  does not arise because the  thresh- 
old will be passed whenever the material is dissolved out more rapidly 
than it is produced in the cell. 
It would therefore seem that the question of the threshold must be 
left open. 
c.  The "Recovery."--After  the fall of the curve under the influence 
of 0.01 •  HG it may return to its original value.  For convenience this 
is called "recovery"  although this term is not meant to imply that 
the cell returns to its original state.  This behavior is understandable 
if the inwardly diffusing HG reaches Y and there produces the same 
effect as in X  for the change in i,.9. in X  would then be cancelled by 
an equal and opposite change in 1,.3. in Y (owing to the fact that the 
organic ions are diffusing inward  52 through Y and outward through X). 
Possibly the apparent mobilities of Na and K in Y are also changed 
in such fashion as to aid recovery.  Changes in acidity seem to be of 
little importance since a variety of organic acids failed to produce any 
effect (see p. 42). 
The  rise  of the  curve  would,  of  course,  be  slower  than  the  fall 
because of the time required for HG to diffuse across X  and W  (W 
is presumably much thicker than X  or  Y)  to reach Y.  The form of 
the curve indicates that there is not much latent period for Y (perhaps 
because Y has a lower threshold). 
E.  B.  Damon  58  suggests  that the  positive  drop  might be  due  to 
increased permeability of Y, letting K+ move outward from the sap 
(which contains about 0.5  M KC1) until it comes in contact with the 
inner surface of X.  But it is questionable whether theinward diffusion 
of HG and the subsequent outward diffusion of K + could take place 
within the short latent period of 15  to 25  seconds.  Moreover, it is 
52 It might be supposed that these ions would reach the same concentration in 
the sap as in W so that inward diffusion  would cease.  But this would not be apt 
to happen in growing cells and even in cells which had ceased to grow these ions 
might be chemically  combined in the sap.  In the absence of facts no conclusion 
can be  reached. 
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not  clear  how  the  behavior  of  the  curve  during  recovery could  be 
accounted  for.  This  scheme  would  not  explain  the  reversal  of the 
concentration effect with  KC1, NaC1,  and  sea water. 
When the cell is replaced in sea water during or after recovery in 
HG it is possible that HG may diffuse out of X  somewhat faster than 
out of Y.  This would tend to make the P.D. temporarily more nega- 
tive :  it is seen occasionally but as a rule is not perceptible. 
These  effects are  apparently  not  due  to  acidity alone  for phenol, 
p-cresol, and p-amino phenol (chemically related to guaiacol)  are the 
only organic acids  thus  far studied which  appear  to  act like HG in 
our experiments.  The following were tested in sea water  54 at pH 8.2 
(at concentrations of 0.001, 0.005, 0.01, 0.02, 0.04, and 0.08 M) : formic,  ~5 
acetic,  valeric,  55  benzoic,  and  salicylic.  They  had  practically  no 
effect on the P.B. 
Variability.--The  cells  showed  great  variability:  their  behavior 
appeared to depend somewhat on the length of time after impalement 
and on external conditions.  Perhaps this variability is related in some 
cases to the "stages" described by L. R. Blinks. 4~  In some cases no 
response was obtained  2° on adding HG  (up to 0.03 M)  to sea water at 
pH 8.2 or at 6.4.  Evidently the outer protoplasmic surface is subject 
to  considerable  variation  in  composition.  This  is  in  line  with  the 
variation  observed in  applying  KC1 to  Valonia I  and  in  the  concen- 
tration effect of sea water  21 with  Valonia,  and of KC116 and NH4CP  a 
with Nitella. 
In view of this variability it would seem that the protoplasmic sur- 
face can hardly be a  monomolecular layerY  If it is a  thicker layer 
it may have interesting possibilities  5s of variation.  It seems possible 
that great changes in the composition of such a layer might result from 
metabolism  so  that  the  apparent  ionic  mobilities  might  show  con- 
~4 The acid was added to the sea water and NaOH was then added to produce a 
pH of 8.2. 
55 0.08 •  was omitted. 
56 Unpublished results. 
~  Cf.  Osterhout, W. J. V., Physiol. Rev.,  1936, 16, 216. 
5s Teorell (Teorell, T., Science, 1935, 81~ 491) has shown that a diffusion poten- 
tial across a membrane can produce great inequalities  in the distribution of ions in 
the membrane.  This distribution would change with changes of relative mobility 
and concentration of ions in the solutions in contact with the membrane. W.  J.  V.  OSTERHOUT  43 
siderable variation.  It is also possible that physical factors (especially 
radiation)  and  chemical  influences  in  the  environment  may  act 
similarly. 
The foregoing discussion assumes that diffusion potentials play the 
chief r61e,  a  procedure which has proven  useful in  several  cases. 1,I~ 
To what extent other potentials, especially phase boundary potentials  59 
enter in is an open question but it is difficult to see how phase boundary 
potentials can account for the fact that HG causes Ux-a to increase and 
UK to decrease. 
SUMMARY 
In normal  cells of  Valonia the order of the apparent  mobilities of 
the ions in the non-aqueous protoplasmic surface is K  >  C1  >  Na. 
After treatment with 0.01 M guaiacol (which does not injure the cell) 
the order becomes Na  >  C1 >  K. 
As it does not seem probable that such a  reversal could occur with 
simple  ions  we  may assume  provisionally  that  in the  protoplasmic 
surface we have  to  do  with charged complexes of the type (KXI) +, 
(KXII) +, where XI and Xn are elements or radicals, or with chemical 
compounds formed in  the protoplasm. 
When 0.01 M guaiacol is added to sea water or to 0.6 M NaC1 (both 
at pH 6.4, where the concentration  of the guaiacol ion is negligible) 
the P.D. of the  cell changes  (after a  short latent  period)  from about 
10  mv.  negative  to  about  28  mv.  positive  and  then  slowly returns 
approximately to its original value  (Fig.  1, p.  14).  This  appears  to 
depend chiefly on changes in the apparent  mobilities of organic ions 
in the protoplasm. 
The protoplasmic surface is capable of so much change that it does 
not seem probable that it is a monomolecular layer.  It  does not be- 
have like a collodion nor a protein film since the apparent mobility of 
Na + can  increase while that  of K + is  decreasing  under  the influence 
of guaiacol. 
59 For the combined effect of "boundary" potentials  and diffusion potentials 
see Teorell, T., Proc. Soc. Exp. Biol. and Med.,  1935-36, 33, 282. 